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EXECUTIVE SUMMARY
I - S.1. INTRODUCTION

S.1.1. Background

Under the direction of the U.S. Army Office of the Program Exaecu-
tive Officer-Program Manager for Chemical Demilitarization (PEO-PM Cml

Demil), GA Technologies Inmc. (GA) and its subcontractors performed a
comprehensive assessment of the frequency and magnitude of accidental

agent releases associated with various alternstives under consideration

Y .umLT A e

for the Chemicsl Stockpile Disposal Program (CSDP). Thir assessment was
carried out in support of the environmental impact statement (EIS) for
this program and addresses only the stockpile of chemical munitions that

s - is currently stored at eight sites in the continental United States

ANEe Y ¥ 5 »
-
4o

e (CONUS). The assessment of potential health consequences to the public
resulting from sccidentsl relesses calculated in ~his study will be
performed in a separste study. These consequences and the GA-evaluated
fr« quencies of the releases leading to thess consequences will form the

basis of estimates of the potential public "risks” associated with the

CSDP altetrnatives.

The aiternatives {nvestigated 4in this study 2re se follown:
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1. Disposal of the sgents and munitions st zhe eight existing y

storage sites, j

W

’

2. Collocation (transportation) and disposal of the munitions at 7

i

twn zegional sites. by
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SV
3. Collocation and disposal of the munitions at a single national 2;;gf
site.

4, Partial collocsation of the selected stockpiles from Aberdeen
Proving Ground (APG) to Johnston lIsland by water or to Tooele
Army Depot (TEAD) by air snd from the Lexingtou-Blue Grass
Army Depot (LBAD) to TEAD by air.

5. Continued storage of the munitions at the existing storage

sites.

This report addresses only the continued storage altsrnative listed

sbove (i.e., item 5). The other alternatives are discussed in separate
reports.

$.1.2. Study Oblectives and Daeliverables

The primary objiectives of the srudy repcrted in this document we:re a%i?;
to: e
1. Identify events that could initiate the release of agent to
the environment (i.e., initiating events).
2. Develop the various sequences of events resulting from these
initiators and leading to accidental agent release.
3. Perform a quantitative analysis of the frequency of occurrence
of each relevant sccidant sequence. ,E
“
4. Characterize the physical state, quanctity, and duration of . i_
agent released from each accident sequence. o)
)
These objectives were accomplished by developing a list of poten- -
tial accident sequences for each major activity, estimating the frequen- iL
cies of these sequences, and calculating ths magnitudes of released d:g*? ?
{._—'.’ r-':
$-2 ‘:'E
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agent associsted with these sequences. It snould be noted that only

ri !
e

accident sequences that survived a conservative screening process, con-
sidering both frequency and magnitude of agent relssse, are included in
the deliverables of this project.

S.1.3. Scope of Study

The scope of effort reported in this document, as noted earlier,
did not include the evaluation of agent dispersion to the environment
and the consequences to the éublic resulting from such releases. As
such, the title of this ropoft is more appropriately that of s probabi-
listic “"relesse” enalysis as opposed to a probabilistic "risk" analysis,
since risk is usually defined as the product of frequency and conse-
quence. Therafore, the term "risk,” as used in this study, refers to
the frequency of accidental sgent relesse and not to the frequency of

the agent relsesse consequence to public health.

F AN $.1.4, Site Descriptions

rEE

I

TN

There are eight sites in the CONUS where chemical munitions are

currently being stored. These sites are: Tooele Army Depot (TEAD),

SN

Anniston Army Depot (ANAD), Aberdeen Proving Ground (APG), Lexington-
Blue Grass Army Depot (LBAD), Newport Army Ammunition Plant (NAAP), Pine
Bluff Arsenal (PBA), Pueblo Depot Activity (PUDA), and the Umatillas

S!!(...

P AT L IS B |

-

Depot Activity (UMDA). y

%

TEAD {s located in north central Utah. A prototype demilitariza- ;3

tion plant, the Chemical Agent Munitions Disposal System (CAMDS) facil- ﬁJ

ity, is located at this site. The site currently stores s wide variety -

of chemical munitions and bulk agent containers of mustard and the nerve }ﬁ

agents, GB and VX. 5]
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ANAD 1is located in northeast Alabama. The chemical munitions AR

stockpile at ANAD consists of all chemical munitions types except for
bombs, spray tanks, and 8-in. projectiles filled with VX,

APG is located in Maryland near the hesd of the Chesapeake Bay.
APG is comprised of two general aress, the Aberdeen area and the
Edgewood area whare the chemical munition storage facilities are

located. Only mustard-filled ton containers are stored at APG.

LBAD is located south of Richmond, Kentucky. The chemical munition
stockpile at LBAD consists of 8-in. projectilas, 155-mm projectilae. and

M55 rockets.
NAAP is located west of Indianapoliz, Indiana. The chemical muni-
tions stockpile is stored there in a single warehouse and consista of

containers of VX.

PBA is located southeast of Little Rock, Arkansas. The stockpile

r_(.'f

at PBA consists of M55 rockets, land mines, ton containers, and some

4.2-/n. mortar projectiles.

UMDA 1is located in northeastern Oregon. The stockpile at UMDA
consists of 155-um and 8-in. projectiles, M55 rockets, M23 land miaes,

bombs, spray tanks, and ton containers.

S.2. STUDY APPROACH

The risk analysis presented in this report combines the atructured
safety analysis detailed in MIL-STD-882B (Ref. S-1) and the probabilis-
tic spprosch outlined in NUREG/CR-2300 (Ref. §-2). The first reference
requires that hazerde analyses be parformed to sscess the risk involved
during the planned life expectency of a system. It also provides guid-
ance on the categorization of hazard severity and of probability as a

means of identifying which hazards shouid be eli{iminated or reduced to an
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-, scceptable level. The second reference serves as a guidebook for the
‘v

AL risk assessment of nuclear power plants.

Risk assessment can be defined as the quantification of an undasir-
able effect in probsbilistic terms. Relative to the health and safety
of the public, the effects of interast are injuries and deaths. Risk
assessment has been utilized in various industries for some time.
Insurance companies have long used actusrial dats for statistical eva-
luations to justify differences in the insurance premium paid by persons
in different "risk" categories. The risk :asments performed for
nuclesr power plants, on the other hand, are examples of major industry
efforts to quantify risks of low-frequency events for which no good
actuarial date exist. The nuclear power plant risk assessments have

become mcdeis for other industriesl risk assessments.

§.2.1. Risk Assessment Methodology

ira ’ Probabilistic risk assessment (PRA) is a eystematic, discivliined

il spproach to quantifying the frequency and consequences of events which

can occur a: random points in time. In its spplication to the various

®
LOCUERENE oY
2248

Y aE
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chemical munition dispossl alternatives currently undar consideration,
PRA provides a comprehensive framework for estimating and understanding

the risks associeted with the storage, handling, trensportation, and

T E s

demilitarization activities associsted with thcse alternatives. By \J
l‘ ‘1
applying this methodology to each alternative in a consistent and uni- N
form manner, a statement of the relative risk of these alternatives can ;:j
be made. Because of the significant uncertainties in the data used to &
quantify the frequency of occurrence of variocus accident sequences and ;5
the magnitudes of the associated agent releases, extreme caution must be ::
o
used when addressing the absolute risk associated with sach disposal :;
option. |
o
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In simplistic terms, the PRA process focuses on answering the fol-

lowing three basic queszions:

1. What can go wrong?
2. How frequently is it expected to happen?

3. What would be the associeted conmequences?

The remainder of this summary describes how these questions are
sddressed in the risk assessment of the chemical materiel disposal pro-
gram. In this study, the estimation of consequences is limited to the

magnitudes of agent releasa for each sequence.

$.2.1.1. Identificarion of Initiating Events. The first step in a pro-

babilistic risk assessment i3 the identificetion of initiating events

which, by themselves or in combinstion with additional failures, can

lead to the release of sgent to the environmant. Initiating events are

identified for each of the demilitariszation activities. Such events

generally fall into two broad categories known as "internal® events and ’.n
“‘external® events. Internal events originate within the activity and et
are csused by human error or random equipment failure. Examples of such

events are the dropping or puncture of munitions during handling opera-

tions; and the random failure of a normally operating piece of equipment

in the demilitarization process line. The class of events referred to

as external includes aircraft crashes and natural phenomena such as

sarthquakes and storms. In the context of a riek essessmsnt, svents

such as intarnal flooding and fires are alsoc considered to be external

events. External events are ususlly pervasive {n nature in that they

are assumed to feil redundant equipment thet is provided for safe shut-

down of the operation and containment of the agent.

5.2.1.2. Accident Sequence Development. Once initiating eventa are

identified, logic models (much as event trees and sequence level fault
trees) are developed to display the varioua paths that the sccident can

take. TFor exsmple, an {nitfiating event esuch as mspurivus shutdown of an
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incinerator will not result in a significant release of sgent to the

‘,"f
s
AL

environment unless numerous ventilation and automatic shutdown systems
fail. In most cases, the probabilicy of failure of miltiple systems is
2o low that the frequenciss of such accident sequences are too low to be
of any concern. Furthermore, because of inherent system inertia and
engineered safety features which are provided, there may be ample time

to recover and repair mitigating* systems prior to any relesse.

YN TR S S L WA AT SRR

As suggested asbove, operator intervention can influence the course
of an accident, and therefore his role must be included in the logic
models where appropriate. Of course, operating and emsrgency personnel
also have & significant influence on the potential for snd amount of

accidentsl agent release.

$.2.1.2, Human Interactions. Human interactions, or interventiona, of

interest to the chemical munitions disposal risk sssessment fall into

one of the following six general categories:

1. Initiation of an accident by coomitting an errcr (e.g., a

OAME  CAFENOERL LA NRF Py

munitions handler punctures or accidentally drops a munition).

2. Test and maintenance actions (e.g., & valve is disabled or
left in the wrong configuration following a test or mainte-

nance act).

DAL L ARSANA g

3. Termination of an accident by correctly implementing estab- .
lished emergency procedures (e.g., an operator terminates

agent feed to the liquid incinerator wher automatic tarmina- '
¢ tion has failed). o
» :

. 4, Aggravation of an sccident by taking incorrect action (e.g.,
: a plant operator misdiagnoses the nature of the eccident and a
. N
> N
) N
o )

"Hicigntion' as usaed in this report is the act of preventing or
limiting the conseyquence of an accident that has occurred.
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performs an act which causes the accident to have greater

consaquencas).

5. Terumination of an accident by actions which are outside the
scope of existing procedures (e.g., based on his knowledge of
the plant or process, a plant operator performs en act which
is not covered by procedures and terminates or mitigates the

&ccident).

6. Intentional scts to initiate accidents or render equipment in

s failed state (sabotage).

Human interactiona that fall in the first three categories are
modeled either as a separate event heading in the event tree or as an
independent event in the fault tree which 1{s used to model and quantify
the avent in the event tree. Human interactions defined by categories 4
and 5 above are difficult to quantify and as such are not given much

attention in a risx assessment.

Acto of sabotage (category 6) are outside the scope of thia analy-
sis and will be addressed elsewhere.

S.2.1.4. Agent Relesse Characterization. The consequences of ar agent-

telease event are dependent on the type of agent, the magnitude of the
release, the mode and durecion of the relesse, the disparzion of the
agent to the environment, the demographic characteristics of the region
impacted by the release, and the toxicity of the dispersed egent at the
concentration levels to which members of the public are exposed. The
scope of effort reported in this document is limited to the first three
characteristics listed above. Agent dispersicn to the environment and

subsequent effects on humans are addressed elsevhere in s separate

report.
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' :35;: The characterization of agent ralease required a systematic review g
of the potential modes of agent release from its normal confinement.
! The agent release mechanism is dependent on the particulsr mechanicsl,
thermal, end explosive behavior of the munition, assuming the ogcurrence
of an initiating event such as dropping during handling or sircraft
crash, as well as the confinement which {s provided, if any.
After determining that agent could be relesased in a particular
sccident sequence and that the frequency of that sequence exceeded the
threshold screening frequency, an analysis was performed to identify the
possible paths by which the agent could be raleased to the environment
and to estimate the quantity of agent releassed.
$.2.1.5. Sequence Screening. The implementation of PRA methodology in
terms of event trees can produce a large number of potential accident
sequences. In order to reduce this to & managesble number to focus on
the critical scenarios for anslysis, the accident sequences are screened
"l
‘. for frequency or consejuence. By using conservetive values for the
A conditional probabilities of event treea branches, it is possible to show
that many of the possible sequences are of eufficiently low frequency
(e.g., less than 10-10 per year) that they need not be addressed
further. In addition, if an accident seguence has a frequency gresater
than the threshold screening frequency but results 4in an insignificant
release of agent® to the environment, it can also be eliminated from
further conaideration. The accident sequences contained in this report
have been subjected t~ both types of screening.
S
>
I~
*Less than 14 lbm of mustard; less than 0.4 1bm of agent VX; and it
less than 0.3 lbm of agent GB. Thsse quantities represent the minimum ;i
quantities of agent release that would result in a laethal dose of agent s
e at 500 m for the most limiting relesse modes (Ref. S-3). Lq
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§.3. RESULTS PRy

The analysis of the potential for agent release to the atmosphere

from accident scenerios related to the continued storage alternative

included storage and handling activities. This esection discusses some
of the accident probability and agent relaise results associsted with

these activities.

The results of the analysis of the various sctivities encompassing

the continued storage alternative cannot be presented in the same units,
i.e., annual frequencies, because of the posaible divulgence of clas-

sified information. This is only possible for some storage accident

KPP

scenarios. For accident scenarios related to the handling activities,

| the unclassified portion of the probabilistic analysis is given in terms

STy

of frequency of accidents per pallet of munitions (or as a container of

munitions).

S P
e

IR
PACA)

The evaluation of the actual risk to the public and environment .- 3 i%
requires agent dispersion calculations which are not in the scope of the Rt ;E
study reported here. Despite this limitation, the results discussed f%
herein still provide useful insights on the contributions of the various k%
disposal activities to the risk of an agent release. These insights are [;
discussed btelow. 1;
$.2.1., Accident Scenarios During Storage i%

3

The continued storage alternative requires some storage of muni- ‘;}
tions 4in their existing location. 'jg
$.3.1.1. Internal Events. There ware no significant internal event ‘f
initiators of accidents during storage. Per unit operation, forklift ?5
drop sccidents occur more frequently than forklift tine punctures. 5§
Also, the use of a lifting beam instead of a tine leads to an order of E?
magnitude decresse in drop frequency. ;J

,\".
§-10 _:;
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S§.3.1.2. External Events. These events involve accidents caused oy

natural phenomena or human activity affecting munitions in storage
iglocs, open storage areas, holding aress, or warehouses. If these are
assumed to be full of munitions, the agent inventories range up te 100,
200, 1000, and 2000 tons, respectivaly, for atorage igloos, bolding
areas, ofen sreas, and warehouses. The most frequent sxternal accideants
having significant release involve mild intensity earthquakes or small
sirplane crushes (order depsnding on site). Amounts of availeble agent
inventories relesased in these events are on the order of fractions of

one percent or less (munition punctures, drops, etc.).

The largest releases occur for a large aircraft crash, a wmeteorite
strike, or & severe earthquake, especially when a warehouse (at NAAP,
TEAD, or UMDA) is involved. These can result i{n up to 10 percent ot
the agent inventory released for scenarios involving a fire which has
the potential (duration) for destroying che entire inventory of an igloo
or warehouse. The munitions atored in warehouses contain only VX or
mistard which have muck slower evaporstion rates than GB and hence are
not aeasily dispersed into the atmosphere. Thus, warehouse scenarios
involving only spills are not significant <isk contributora. The ware-
house at UMDA has the potential for the largest release. Metecorite
strike-initisted sequence median frequencies are one to two orders of
magnitude lower than the aircrafr crash-induced sequence frequencies.

As expected, munitions stored outdoors are generally wore susceptible to
large aircrefr crashes than those stored in warehouses cr igloos, but
releases are lower. Both APG and TZA have ton coutainers stored out-
doors, and the aircraft crash probabilitias at these sites are somawhat
higher than at the other sites. Igloos appear to provide only minimal
protection from dicect crashes of large planes, but releases are an
order of magnitude lower. The releases are wore severe if burstered

munitions are involvaed.
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$.3.2. Accident Scenarios During Handling i;i?:
Included in the handling analysis are single munition or pallet
movements by hand, forklift, or other equipment.
The results indicate that dropped muritions, whether in palletized
form or not, occur more frequently than either forklift tine puncture or
forklift collision aceidents. In fact, the frequency of forklift colli- y
sion eccidents which lead to the munitions faliing off the forklift is ;_
an order of magnitude lower than the drop sccideants. Furthermore, the ix
type of clothing an operator is wearing while haudling these munitions :3
influence the drop frequency value. An operator wearing Level A cloth- EZ
ing is more likely to comm't an error that would csuse the munition to Q.
be d-opped than when he is ‘wearing more .omfcrtable c<lothing. E,
o
For bare munitions, the rockets seem to te the most prone to punc- ;’
tures from drops or forhiift tine sccidents. ‘
T
Bulk “tems that are punctured lead to larger releases than other R ;i
munitions such as projectiles or rockets. Bombs are of concern because ::
they contain GB which evaporates more readily than the other agent E;
types. The agent vapor relesses range up to 170 1lb (thermal failure of i‘
all munitions in e pallet). ﬂ:
é Handling accidents which lead to significant agent releases (in Z;
: particular, agent GB) sre dominant risk contributors because cf tne ;\
' relstively higher annual frequency values. Of course depending on the k%
actual munition inventory, the value of annual frequency may either !
i increase or decrease when converted to the more meaningful per stockpile ?Ej
! basis. !"
.
2
S.4., UNCERTAINTIES IN THE ANALYSIS Cii
In assessing the risks associated with the CSDP slternatives, every g 1
effurt was made to perform besc-estimate analyses, i.e., “realistic” E;HE: ::;
G
$-12 i
)
®

W
PR
Y

q
A

=, ]
AT A T e T ORI S e N P IS G gn

T T e R ISR TR o~ L A LT I PO SRS ST B R
&-.1\':.‘:\':.‘:.‘:-“.\":'.‘{x"_-.‘:\’_~.'_-.'_\“_).“a'.\.\ L DR SR G WL AL AR R G G S A o SO STV (PSP SENN S AP IPN S |

C e




;:::& evaluation and quantification of the accident sequence frequencies and
~& associated agent releeses. The use of pessimistic or consarvative
wodeling techniques or data for quantification violates the intent of
the probabilistic nature of the study. Realistic modaeling ead quar=i-
fication permits a balanced evaluation of risk contributors and compari-
son of alternatives. However, for realistic or beat-estimate calcula-
tions, the obvious concern is the accuracy of the results. Uncertainty
analysis addresses this concern.
§.4.1. Sources of Uncertainty ;
~
Since the event sequences discussed in Secticn S.3 have not :
actually occurred, it is difficult to establish the frequency of the N
sequence and assoclated consequences tvith great precision. For this g
reason, many parameters in & risk assessmant are trested as probabilis- F-
ticelly dist:ibuted parameters, so tha: the computation of sequence fre- :%
quencies and resulting consequences can invelve the probabiliatfic combi- E
R nation of distributions. E:
. i
There are three general types of uncertainty aseociated with the i}
evaluations reported in this document: (1) modeling, (2) data, and :;
(3) completeness. ;T
A
There exist basic uncertainties regarding the ability of the var!- ;:
ous models to represent the sctusl conditions associated with the »
cseguance of events for the accident scenarios that cen occur in the :."
storage and disposal activitiea. The ability to represeant actual phe- L‘
nomtna with analytical modeis 1is always a potential concern. The use of Qq
fundamental wodels such as fault trees and event trees is gsometimes sim- ;:
plistic because most eventy depicted in these wodels are treated as 51
leading to one of two binary states: success or failure ({i.e., partial %;
successes or failures sre ignored). Model uncertainties are difficult E?
to quantify and are addressed in this strdy by legitimatec efforts of the I}
N
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analysts to make the models as realistic as possible. Where such real- ﬁ:gS?
{sm could not be achieved, conservative approaches were taken. q
3
; No uncertainty from oversights, errors, or omission from the models j
: used (e.g., event trees and fault trees) is included in the uncertainty -E
a analysis results. Including these uncertainties is beyond the state-of- "
. the-art of present day uncertainty anelysis. 5
N »
z The uncertainties in the assignment of event probabilities (e.g., 3
l component fsilure rates and initiating event frequencies} are of two ;
b types: intrinsic variability end lack of knowledge. An example of N
. intrinsic varliability is that where the available sxperience data is for g
E a population of similar components in similar e¢rvironments, but not all g
E the components exhibit the same reliability. Intrinsic varistions can y
- be caused, for example, by different manufecturers, maincenance prac- K
; tices, or operating conditions. A second example of intrinsic variabil- 5
; iry is that related to the effecta of long-term storege on the condition s
i of the munitions as compared to their original configuration. Lack of é;;i; :
K knowledge uncertainty is sssocisted with cases where the model parameter e ;
N is not a rendoa or fluctuating variable, but the analyst simply does not ;
. know what the value of the parameter should be. Both of these data ;
i uncertainty types are encountered in this study. i
y 3
2 $.4.2. Uncertainties ;
; The sequence frequency results discussed in this report are pre- f
sented in terms of a median value and & range factor of a probability .
n distribution representing the frequency of interest. The range factor ’ ;
? rapresents the ratic of the 95th percentile value of frequency to the e
; 50th percentile (i.e., median) value of frequency. The uncertainty in ;
F the sequence frequency is determined usi{ng the STADIC-2 program ;
E (Ref. 5-4) to propagate the uncertainties associated with each of the ;
’ events in the fault trees or event traes through to the end result. "
v’ Some scenarios, such as those sssociated with tornado missiles and low- f
! o 3
: RS
A hEid Q
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impact detonations have rather iarge uncertainties. The difficulty with
tornado-genersted missiles lles with the difficuity in accurately model-
ing the probability that the wissile will be in the proper orientstion
to penetrate the munition ard in predicting the number of missiles per
square foot of wind., The Jifficulty witl the low-impact detonations
iies with the sparse amcunt of dats available and its applicabilicy to
the scenarios of interest. In general, uncertainties tend to be large

when the amount of applicable dats is small and vice versa.
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1. INTRODUCTION

1.1. PACKGROUND -

The U.S. Department of Defense is required by Congress (Public Law
9%-145) to destroy the stockpile of lethal chemical agents and munitions
stored at eight U.S. Army installations in the continentsal United States -
(CONUS) and at the Johnston Atoll Army aite in the Pacific Ocean bdy the
end of Septamber 1994. Tha locations of the CONUS sites &re shown in

N

Fig. 1-1. The total Army stockpile at these aites is made up of more

. e

then 3,000,000 items consisting of rockets, mines, mortars, projectiles,
cartridges, bombs, spray tenks, and bulk containers. These munitions
contain the nerve sgents GB and VX and the blistering mustard agents H,
HD, and HT

B P . 'S
L s -
‘;5& The Army has developed a plan for destruction of the chemical muni- i

tion stockpile. This plan is set forth in the Chemical Stockpile Dis-

posal Concept FPlan submicted to Congress in March 1986 and supplemented

LA

in March 1987. 1In this plan, thres disposasl alternatives are described:

1. Dispossl of the agents and munitions at each of the eight

existing storage sites.

[ &)

Collocation and disposal of the munitions at two rezional

sites.

3. Collocation and disposal of the munitions at a single national

sice.

These thrae disposal alternatives ware also described in a Draft

Progammatic Environmental Impact Statement published by the Army in
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July 1986. Additionally, it wes required that the status quo, i.s., g
continued storage, be also evaluated as the fourth alternative. As part

of the public commentsry on this document, requests were made of the

¢« £

Army to consider also the transport of the inventory from Aberdeen

Proving Ground t¢ Johnston Island by water or to Tooele Army Depot by

SR

air and from the Lexington-Blue Grass Army Depot to Tooele by air.

A

Under direction from the U.S. Army Office of the Program Executive
Officer-Program Manager for Chemical Demilitazization (PEO-PM Cml
Demil), GA Technologies Inc. (GA) and other contrxactors have performed a

comprehensive probabilistic assessment of the fraquency and magnitude of

LI T

agent relesse sssociated with activities involving the three disposal

slternatives currently set forth in the Chemical Stockpile Disposal Pro-

gram (CSDP), as well as the continued storage alternative. This assess-
ment has been carried out in support of the environmsutal impact state- %

ment (EIS) for this program and it addresses only the stockpile of chem- -
{ical munitions which are currently stored at the eight sites located in i
the continental United States (CONUS).

When combined with an sssessment of the conssquences (injuries
and/or deaths) to the public resulting from the accident sequences and
associated agent relesses identified and evalusted in this study, the
results form a basis for an assessment of public riek. The dispersion L,
of the agent to the environment and the assessment of cansequences
related to these relesses are cutside the scope of this study. A conse- g
quence assessment has been performed by MITRE Corporation and Osk Ridge f.'
National Laboratory for the EIS, bLased on the relesses identified in
this document.

This report addresses only the slternative of contjinued storage.

The remsuining alternatives are discuseed in eeparate reports.

(TR

Frevious studies have been utilized by GA as reference bases for

this assessment. Quantitative hazards analyses were performed by

1-3
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Arthur D. Little, Inc. on the disposal of MS5 rockets (Refs. 1-1 to C::“'
1-5), and qualitative hazards snaiyses were performsd by the Ralph M.
Parsons Company on the Johnston Atoll Chemical Agent Disposal System
(JACADS) design (Refs. 1-6 and 1-7). In addition, s probabilistic anal-
yais of chemical agent release during transport of M55 rockets has been
performed by HLR Technical Associates (Ref. 1-8), and & probabilistic
analysis of selected hazards during the disposal of M55 rockets has been
performed by Science Applications International Corporsation (Ref. 1-9).
These studies provided the set of accident scenarios that was compiled
in a systematic order by MITRE Corporstion (Refs. 1-10 and 1-11). GA,
in turn, used these sccident ascenarios as a starting point in this

study.

The analyses performed by Arthur D. Little, Inc. used a technique
known as hazerd and operability anslysis (BAZOP). HAZOP invclves a
detailed review of plant design to trace all parts and functions of the
demilitarization process. For each piece of equipmnt or pipe run,
deviations from norzal operating conditious were exanined and possible (’" ;
consequences wire discussed. Through this approach, potential failure AR
oodes leading to sgent release outside of the facility were identified.
The expected frequencies of occurrence of all agent rcleass mequences

identified in the HAZOP were then evaluated using fzult tree analysis.

The qualitative hazards analyais performed for JACADS used an
approach known ae failure modes and affacts anslysis (FMEA). The sever-
ity and probability levels of identifiad hezards were ranked according
to the guidelines 4in Ref. 1-12.

The transportation studies performed by HLR Technical Associates
(Ref. 1-8) used a combined fault tres and event tres approach to assess

tl s frequency of agent release from trensportation accidents.

d, .
.'(v" J' .

"
»
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tion (Ref. 1-9)

“"?ﬁ The work performed by Science Applications International Corpora-

on the disposal of M55 rockets utilized both event tree

and fault tree methodology as used in the PRA of nuclear power plants.
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1.2. STUDY OBJECTIVES AND SCOPE

The primary objectives of the study reported in this document were

tos

Identify events (for each major sctivity) that could initiate

the roleass of sgent to the environment.

2. Develop the varicus sequences of events resulting from these

initiators and leading to agent release.

3. Perform & quantitative anslysis of the frequercy of occur:icnce

of each relevant accident sequence.

LT S W R SRR . W B e W W GRS WS W W TP W W TR T . —— e we—— - - - -
-t
.

4. Characterize the form, queutity, and duration of agent relcase

from each accident sequence.

- o w e

S. Identify accident sequences which make the most siguificant

contributions to risk.

The major deliverables of this effort are a list of potential acci-
dent sequences for each major activity, the estimated frequencies of

these sequences, and the magnitudes of relsased agent asgsociated with

*® P P EmmEm " % % % B &

these sequances. It should be noted that only accident sequances that
survived a conservative screening process, involving both frequency and

magnitude of agent release, are included in these deliverables.

This report addresses each of the objectives listed above and pre-

T e W e, o .

‘ sents the analysis of this study. The risk analysis includes an evalu-
ation of potential accidents and natural occurring pheaomena such as

E earthquakes and tornadoes. Acts of war, sabotage, and terrorism, which
iavolve intentionally-initiated events, were not included in the scope
of this effort.
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.; t; The term "chemical munitions®” s used here to describe both bursc-
Ay,
kv ered chemical munitions and chamical bulk items. The 4.2-in. mortars

refar to the actual 4.2-in. projectile which is fired from mortar can-
nons or tubes. The 105-mmn cartridge and 4.2-in. mortar projectile can
either be configured with propellant (i.e., & cartridge) or without
proepellant (i.e., & projectile); in this study, it was sssumed that the

propellant and fuze were removed prior to the onset of the disposal
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1.3. DEMILITARIZATION ACTIVITIES AND SAFETY CONCERNS -‘,;:4-:.»:
NN
Figure 1-2 shows a comparison of the various logistics phases asso-
ciated with the various munition disposal and storage elternatives eval-
uated for the EIS. As indicated in this figure, the demilitarization
process associated with the continued storage option involves only those
events related to long-term storage.
The hazards of interest are those involving the evaporative release
of sgent to the environment resulting from epills, leaks, and mechanical
failures, and the release of agent to the environment resulting from 5
fires and explosions. The generation of these potential hazards orig- {
»
inates with a number of “internal” and "externsl® initiating events.
L)
The number of hazard-initiating event combinations is rather extensive. {
However, because of the screening process which was used to remvve from i
further consideration the accident sequences whose frequency was low f
and/or the associated magnitude of agent releass was low, the number of "
. . [0
individual sequences which are i{mportsnt to risk is relatively small. P i
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1.4, STUDY ASSUMPTIONS

»
S

The risk analysis presented in this report uses an spproach )
that combines the structured ssafety analysis detailed in MIL-STD-882B
(Ref. 1-12) and the probabilistic approach used in the safaty analyses
of nuclesar power plants (Ref. 1-13). Reference 1-12 requires that haz-
ards analyses be performed in order to assess the risk involved during
the planned life expectancy of a system. It also provides some guidance
on the categorization of hazard severity and probability as a means of
identifying which hazards should be eliminated or zeduced to s level

acceptable to the managing activity.

The risk snalysis was performed under the following set of general

assumptions:
1. Munitions will be siored in their current storage locations.
2. Munitions are in good condition.

3. Sabotage or terrorism is not considered. é'

A detailed listing and discussion of assumptions is presented in

Appendix E.

RS
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1.5. REPORT FORMAT

*'

[4
o]
o

»
?,

This report is structured as ocutlined schematically in Fig. 1-3.

The structure follows that typically vaed in comprehensive probabilistic

risk assesament (PRA) studies.

following the introduction in Section 1 of this report, Section 2

provides a summary of the methodology used in this assessment, including

D T ————

the procedure for accident scenario identificetion and screening, the
approach used for quantifying accident frequencies and characterizing

agent release, and the treatment of uncertainties.

Section 3 provides a brief discussion of the various activities
invoived in the continued ototugé of chemical munitions. This discus-
sion is provided to assist readers in the understanding of the initi-
ating events and accideat scensriocs that have been identified and are

Ciscussed in Section 5. Section 3 also discusses site-specific infor-

mation that is important to a particular site. Appendix D contains

R
A AN

additional site information.

o7 Y VENWA L LAAANTT™ VW e P s s coammwe

The 1ist of accident initiating events which have been analyzed is
along with the analysis of their occurrence frequencies are presented in
Section 4. These events include accidents from internsl causes, such as

inadvertant impact during handling, and accidents csused by external

*TTa T ERED Y, A

events, such as esrthquakes cor aircraft crashes.

Section 5 presents the detailed development and analysis of the key

accident scenarios resulting from the initiating events.

X

k Section 6 provides the basis for quantificatiocn of accident

)

& sequance frequencies including munition faei{lure probabilities, the data

- base used for estimating the probabilities of event-tree top events and

. fault-tree basic events, and the data used for assesaing human error.
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;::f The characterization of agent released {n the varj ‘us accid:nt
et
sequences is discussed in Section 7.
Section 8 presents the overall results of the analysis.
- Supporting data and calculations for the study are contained in the
appendices. References to appropriate sppendices are made throughout
the body of the report.
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2. RISK ASSESSMENT METHODOLOGY
2.1. OVERVIEW

The probabilistic risk aosessment (PRA) methodology used in this
study is generally consistent with the PRA Procedures Guide (Ref. 2-1)
for nuclear power plants. Figure 2-1, adapted from that guide, outlines
the risk assessment procedure for this study. Certain specific features
of the chemical munition accidents dictate some different emphasis and
treatments from those described in Ref. 2-1. The risk assessment staeps

corresponding to the prccedures in Fig. %-1 sre as fnllows:

1. Identify accident initiators (initieting events) through
information collection, hezards analyses, or the use of
L-.- messter logic diagrams. The initiating avents are classified
- as external i{f they originate from outside the munition stor-
age and maintenance process (such as sircraft crash) and as

internal otherwise.

2. Define accident scenarios, i.e., combinations of initiating
events and the successes or failures of systems that respond
to the initiating event. An "accident sequence” is referred
to in this report as a specific end point of an aceident sce-
nario, which is usurlly modele«d using event trees. An "event
tzee” is an inductive logic model which traces the sequence of

events that can occur following an initiating event.

3. Construct "fault trees” (deductive system logic mcdels) to
determine tha root causes of individual system feilures. The
fault tree is reduced to minimal cut sets using Boolean alge-
bra. A "minimal cut set" represents s unique combination of

é&ﬁ%& events leading to system failure.
s
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AN 4. Assign failure rates or probabilities to events (components or
subsystem) modeled in the event trees and feult trees. Quan-
tify tha frequencies of occurrence of accident sejuences from
either the event tres or fault tree by computing the product
of the initiating event frequency and the probabilities of the

subsequent conditional events in a given accident scenerio.

5. Determine the consequences of the accident sequences. In this
analysis, the consequence of concern {s the amount of agent
teleased to the local free anvirooment. The impact of sgent
releass on the population will be used by others in their CSDP

snalysis.

6. Evaluate the uncertainties in the data base, and predict the

uncertainty in each relevant accident sequence frequency oy b

propagating the top event uncertainties through the event t

trees- E
. 3
R 7. Present the results (i.e., accident scenario frequency and -

consequence) in & form that will best show those sequences

—

that are {mportant to riek and will reflect the uncertainties

T‘_‘

sssocisted with the accident sequence frequency.
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2.2. INITIATING EVENTS

Yy
<
b

An initiating event (IE) {s a single occurrence or malfuncrion thet
has the potential to release one or more agents or to start a sequence
of events that could lead to & relesre. The list of IEs is developed
based on previous demiliterization studies (Section 1.2) and related
PRAs such as Waste Repository studies (e.g., Ref. 2-2), in addition to

the use of master logic diagrams.

The IE list 4is developsd in top-down fashion by structuriag s mss-
ter logic diasgram to define a functionsl set of initiating categories.
These categories form a complete sez in the sense that any event which
leads to agent release must cause at least one cf these categories to

occur.,

Some “common cr 1se initiating events® (..g., an earthquake) can
activate more than one initiating event category and disable controls
for release. While there is no wey to guarentee that all such events A
are idantified, two aress yield the most significant events. The firzst
includes severe environmental events (such as fire, flood, earthquake,
and wind) as well as hazardous activicies in the vicinity (such as air-
craft patterne). The second area includes malfunctions that can affect
maltiple controles or barriers for the prevention of relesse to the

atmosphers.

Coincident with the development of the list of initiating evernts is
the assessment of the initiating event frequenciaes. This is required,
first, for subsequent quantification of event trees, since tha event
initistor {e the first even of the tree. 8econd, it enables screening
of the list of initisting events, i.e., evente having extremsly low fre-
quencies can be eliminated. Whexe possible the IEs are grouped into
categories when the subsequent event tree and release anslysis develop-
want i{s the ssame for all IEs in the category. This grouping is per-

formed by Boolean summation of the occurrence frequencies, accounting

for dependencies, 1f any. o
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2.3. SCENARIO DEVELOPMENT AND LOGIC MODELS

Given the occurrence of an initiating event, accident scenarios are
developed, in many cases using logic models of either event trees, fault
trees, or dboth, to arrive at the verious outcomes of the scensario pro-
gression. Each of these outcomes, termed a sequence, is associated with
(or even characterized by) a certain level of agent relesse. The basic
premise of the risk summation process is that relesse frequencies (ini-
tiating event frequency multiplicatively combined with probadbilities of
subsequent failures nacessary to get the relesse) of entirely different
sequences can be additively combined to get the overall frequency of
relesse. The additive and multiplicetive combination is performed using

Boolean algebra and accounts for dependencies.

Figure 2-2 shows a sample event tree. In this example, the IE is &
vehicle collision, having an estimated occurrence frequency which can be
& point estimate or be probabilisticelly distributed. The IE is the
firat “"top event," and potential subsequent failures represent the other
top events or branch pointa. These top events are in the form of ques-
tions, and by convention the upper branch represents the positive answer
sequance and the lowsr branch is the negative answer sequence. Branch
split fractions or prcbabilities are assigned at each of these branch
peints. These split fractions may be point estimates or probabilistic
distributions, snd may not be the same for all brench points under a
specific top event, depending on prior events. That is, the split

fractions represent conditional probabilities.

The frequency of an sccident sequence is calculated based on the

following equation:

n
Fy =1 1 Py ’ (2-1)
g1y I Py
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where FJ = frequency of accident sequence j,
IJ = initiating event frequency,

Py,y = conditional probability of sequence event i following sn
initiating event, IJ.

Accident frequency and equipment/component failure rate data were

derived from various sources, as described in Section 9.

In this study, the event trees are relatively simple in form
compared to those developed for nuclear plant PRAs. Most dependencies
are modeled explicitly in the event trees by use of conditional branch-
ing probabilities which sre dependent upon the branch taken for prior
events. For example, in an event tree where two consecutive top events
represent the availabilities of systems 1 and 2, system 2 might not be
called upon unless system 1 fails. This would be shown in the event
tree by & dashed line for system 2 in the system 1 success branch, indi-
cating not applicable. Conversely, if system 2 is capable of operating
only in conjunction with successful operation of system 1, the dashed
line is shown on the system 1 failure (no) branch for system 2 top
event. This indicates s guaranteed failure of system 2, given nonoper-

ation of system 1.

For many scenarios, it was found convenient to use fault tree
logic for development of the accident progression and quantification
of the sequence frequencies. Pigure 2-3 depicts a sample fault tree.
Logic symbols used in constructing fault trees are defined in Fig. 2-4.
The approach taken for treatment of dependencias in the event trees
i{s to identify specific intercomponent and intersystem causes of multi-
ple failures, if any, directly in the fault tree and to make an allow-
ance for those not explicitly identified. A Beta factor method (e.g.,
Ref. 2-3) 13 e convenient tool for determining & suitasble allowance and
was ussd where appropriats. In this method, multiple failures of redun-

dant compounents are assumed to occur in a dependent fashion; the
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OUTPUT (A) EXISTS ONLY WHEN
ALL INPUTS (E) EXIST. THE
NUMBER OF IN?UTS MUST BE AT
LEAST TWO. INDICATES
REODUNDANCY.

P(A) * P(E1) x P(E2) x P(E3) x ETC.

uonn

QUTPUT (A} EXISTS WHEN ONE
OR MORE INPUTS (E) EXIST,
THE NUMBER OF INPUTS MUST
8E AT LEAST TWO.

P{A) » (E1) + P(E2) + H{EJ) + ETC.

1A

“RESULTANT
FAULT
EVENT"

le

THE FAULT CONDITION THAT
EXISTS WHEN INPUT (E) EXISTS.

“BASIC
INPUT
EVENT™

A SPECIFIC FAILURE TO WHICH
A FAILURE RATE OR RELATIVE
PROBABILITY CAN BE ASSIGNED.
QUTPUT (A) EXISTS WHEN THE
FAILURE EXISTS.

SUBSTITUTE FOR A BASIC INPUT
EVENT WHEN THE FAILURE ISNOT
TRACED TQ A SPECIFIC SOURCE.
THIS SYMBOL CAN REPRESENY
ANOTHER FAULT TREE AT A LOWER

LEVEL WHICH HAS NOT BEEN ORAWN,

“HOUSE"

THE HOUSE REPRESENTS AN EVENT
WHICH IS NORMALLY EXPECTED TO
OCCUR ORNEVERTO OCCUR.IT IS
TREATED AS A SWITCH ON THE TREE
AND IS SET ON OR OFF.

“TRANSFER”

CA)
A
"UNDEVELOPED
EVENT"
Q
A

INDICATES TIE-IN TO A SEPARATE
FAULT TREE.

Fig. 2-4. Definitinn of feult tree symbols
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parameter f is defined as the fraction of failures experierced in

compo.ients that are common cause failures.

Just as there are uncertainties in estimating component failure
retes, there are also uncertainties in the f factor. These uncer-
tainties were quantified sssuming a lognormal dintribution for the f
factor. The uncertainty distribution sccounts for uncertaintiss due to
sparsity of data, as well as those due to clessification and the sc-
called *potentisl common csuse failures.® These are events in which one
failure actually occurs and additional failures could have occurred
under different circumstacces, as well as incipient failures and

degraded operability states.

In the case vhere the fasult sequence i, given an initiatirg event,
involves a subsystem or equipment failure, the failure probability cal-
culstions may involve not only the calculacion of the unavailanility
value (probability of feilure per demand) but also the unreliability
valiue (probability of failure while component/equipment is running). In
this case, the overall failure probability value for a given equipment

or subsystem is calculated using the following equation (Ref. 2-3).
Py = Py qa+ (1 -Pgq) Py, (2-7,

where Py 4 = fajlure upon demand (unavailability),

Pg,r ¢ failure while running (unreliebility).

The calculation of component unavailsbility (Pg,d4) 1is ‘ofivenced
by several factors: (1) the frequency of periodic mainterance (PM);
(2) the use of different faillure dertection systems; and (3) the wvarlous

wethods used to monitor equipment operation.

For the «nelysis presented “n this report, two options were consid-
ered in the calculation of compone=t unavailability. The firs: option

is to cunsider the periodic maintenuncea of a ccmpcqent. Thus, vhen &
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component is periodically removed from service for preventative maince-
nance, the fajilure probability is dominsted by the maintenance interval
in eddition to the failure rate according to the following equationt

1 A6
Piroyg (1-eMywm— (2-3)

where A = failure rate,

6 = maintenance interval,

The second option was to consider continuocus component surveillance
which decreases the failure probability by announcing component failure
to the operators concurrent with failure {nitiation. The repair time
required to restore the component becomes an i{mportant factor &s shown

in the fellowing equation:

Py = e (1 - e Owiel (2-4)

where V = 1/T mean repair rate (per h),
T = repair time (h),

t = time interval of interest (h).

In Eq. 2-4 the failure probabllity approaches AT as the time interval
increases and AT is small (1i.e., AT {C 1).

In most of the component failures identified in the fault tree
models, the first cption is used end s monthly maintenance interval is
assumed (i.e., intervel of 528 h) for the equipment. This is a conser-
vative approach in deriving the faflure probability. If s wore frequent
maintenance policy is sdopted or 4f experience shows that the component
restoration time is much less than the msintenance interval, the failure
probebility will decrease. However, in view of the nature of the fault

tree models, this approach seems justified because the failure contribu-

tion of a particuler component is not negated by assuming an unnecesaar-

ily low failure probability,
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2.4. HUMAN FACTORS

The treatme-t of {iptersystem aand intercomponent equipment depen-
dencies is discussed sbove, including how the dependencies are taken

into account by the logic models. This section describes another kind

'((1141-

of dependence--that involving human interaction.

‘l

To the axtent that human beings design, construct, operate, and
maintain the plant, it is impossible to fully isolate the role of human

interactions from any of the dependencies discussed above in terms of

-

hardware interactions. Hence, all of the common cause analysis msthods

described above pertain directly or indirectly to human interactions.

The dfiscussior iz restrictod here to human interactions i{in the operation

IS ol o AW Y

and meintenance processes.

AEVEN

The procedure for analysis of intersystem and intercomponent depen-

« -
- N

dencies csuasd by humsn interactions was to include human errors of

omisaion and cocmmission explicitly in the event tree/fault tres models

and to use the human reliability methods of Swain (Ref. 2-4) to imple- Tl
ment quantification. A starting point for the jfdentification of epe-

cific errors is the anslysis of operation and maintenance procedures if

A T S T Rl DO

they have been defined for the event sequence being investigated. This

is especislly i{importent if operator ection is required to effect actua-

I |
PO

tion of a system or & collection of syetems. Consideration needs to be

given to possible incorrect judgments as to the plant state and suhse-

q.‘u P .'.

quent implementation of tha wrong proceduzes. Once these acts arm iden-

I i 2 Wi Wk

tified and modeled, the problam of determining contribution to risk by

operstor sctions is reduced to asaigning the correct human erzror rate

gy T

values. oA
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2.5. RELEASE CRARACTERIZATION :

<
L4
:. .Y
s

The risk associsted with each accident ecenario requires not only 3
the quantificaticn of the frequency of that scenario but a charecterisa-
tion of the agent relesse as well. This characterisation involves the
type and amount of agent relessed, plue the mode and duration of the

release.

At any given time, there ie at lesst one containment barrier seps- |
tating the agent from the surrounding environment. Thus failute or loos
of integrity of thie barrier wmust occur for agent to be relessed to the Y\

environoent.

In genaral, the accident scenarios of intetest ars those scenerios ,

in which the agent 1o initially inside the munition. There are eaeen-

PR

tially three types of sgent relesse tov the environment:

‘”7' 1. Evaporation from a 14iquid epill.
IS 2. Relesnes resulting from detonations.

3.  Relasses resulting from f{res.

RN L E
i

Various combinstions of these relesses appesr in many of the scenasice.
In addiction, depending on the location of these events (e.g., {ndoors
versus outdoor epille), the avaporation ratee governing these relesses

mAy vaty somevhst. .

The approach taken fo1 aseeseing the smount, (ype, and durstio:n of ;
agent relesse 1o based on dete.miniotic mndeles which etem f1om previous
derdliturisation safety studies descrihed {n Bection 1.1, Thess mndels
are based largely on data but aleo enginesring judgment. They ase
dencgibed {n Section 10.1.

Elsments of the mudel fr1.-lude norreletions for evaporation releses,

based on the D2PC computer progtam. In many cnses, the D2PC cumpute:n

,
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program was used directly to calculate evaporative relesses. Other ele-

G TS TR

P

]
vy

sente include the fraction of burning agert which is relesased as vapor

and the fraction of a detonating munition inventory which is released as
vapor. The wodel relies heavily on data and analysis of munitions fail-
ure thresholds, summarized in Appendix P, to determine the extent of

TR

sunition failures, including the potential for failure propagstion of

minitions. It is this area whe:s engineering judgment was needed to

supplement the data and snalyeie. Where judgmental factors entered in,

A N

they were routine)y made in & conservative manner to cover possible

N

uncertainties.
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2.6. UNCERTAINTY ANALYSIS

'-"C'J?
Estimates of failure probabilities derived from various data
sources are subjecz to uncertainties. Data scurces do aot always spe-
cify what failure modes are represented, what operating environment {is X j-
spplicable, or what is the total statistical population. In eome cases, Pty
failure dats may not be available for a spescific eveatj therefore, dats :H;‘
for events that occur under conditions that are similar to the cvents 9bf
under consideration are selected as representative. These consider- ?f;
ations result in uncertainties that are reflected in the range of pos- :;f}
sible numericel values for an event. i‘.
s
For events involving equipment failures, & lognormal distribution hﬁ~j
was assumed to define the uncertainty in the failure probability. The ?:j
lognormal distribution was explicitly used im Ref. 6-18 and other PRA =
studies of nuclear power plants because of its mathemstical behavior. fi?
For the analysis covered in this report, equipment failures and accident i%f
Y initiators that are either men-made or arise from natural causes are SS
ﬁ"‘ assumed to be lognormally distributed. ,.!7
N
In the snalysis of accident scenario probabilities, the STADIC-2 e
computer program (Ref. 2-5) was used to combine probability distribu- ; :
tions of a series of event sequences which make up an accident scenario. ;
STADIC-2 uses a Monte Carlo similation technique to genersate a pseudo- :~
random sample statistical distribution for s user-defined output func- :§§
tion. Each input varisble exhibits random, statisticsl varistions that E:F
are represented by a particular probability distribution (lognormal, A‘
normal, etc.). The statistical distribution for the output function E’
(and accident scenario probability in this case) is generated by com- hj
bining the distributions in accordance with the mathematical operations ';:;'-
’g[
N
B
e L]
pAY 7
2-15 Lot




specified by that function. This combining of distributions ie accom-
plished as follows:

1, Each Monte Carlo sample consists of selecting one pseudo-
rendom semple value for eech input variable from its corre-

sponding statistical diatribution.

2. The set of sample variable values are mathematically combined

to find the corresponding value of the function.

3. Sampling 4s continued in this manner until the desired samplsr

size is attained.

4. The results consist of the pseudo-randomly generated valuaes of

the output function.

Prcbabilistic date base uncertainties are the on'y uncn;tniu:ies
explicitly quantified in this analysis. Although data base uncertsin-
ties are impoztant, the accident frequency calculations are also senei-
tive to assumptions incorporated into the probsabilistic assessment.
Since the uncertainties in these assumptions sre extremsly difficult to
quuntify, conservative assumptions are consistently used in this risk

anslysis.

Figure 2-5 depicts the impact of this muthodology (identified as
Method 1 in the figure) on the accident frequency assessment results.
Essentially, this msthodology produces a conservetive, nominal frequency
estimate, and underestimates the size of the confidence bands. However,
the error associated with the confidence band estimate primarily results
in predicting a much higher velus for the lower confidence band than
actually exists (compare the results of Methods 1 and 3 in Pig. 2-5).
Bence, the uncertainty assessment methodology eamployed in this analysis
overestimates nominal accident frequencies and the confidence in the

predicted frequency.
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No quantitative uncertainty analysis is performed for the agent ;;ji;

Yol Y,

relesse calculationa, dus to the complexity involved in such an assess- ‘als
!

ment. Instead, conservetive releasss are calculated.
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3. CONTINUED STORAGE DESCRIPTION OVERVIEW

Chemical munitions are currently stored at eaight CONUS sites
(Fig. 1-1). A description of the CONUS sites, including local maps, is
given in Appendix D. Section 3.2 providea a summary description of the

minitions.

A detailed discussion of the long-term storage and hendling oper-
ations associated with the continued storage opticn is presented in
Appendix G. Section 3.1 provides a summary of these activities as they

relate to the risk study.

3.1. CONTINUED STORAGE ACTIVITIES AND RISKS

The major activities for the continued storsge option involve long-
term storage as well as handling activities associated with surveillance

and maintenance. They ars discussed in the following paragraphs.

3.1.1. Storage

During storage, the only planned activities are monitoring for
leakage, surveillisnce maintenance and repair ¢ — nitions in the stock-
pile. Internal avents for storage thus address leakage between inspec-
tions and munition drop or forklift tine puncture during munition han-
dling. The stored munitions are susceptible to external events, auch as
fire, tornado, aircraft or meteorite crash, e«arthquake flood, and

lightning.




31 1¢2- H‘ndlin! "-.'h.'-ll

Basically, the risks associated with handling operstions stem from
accidants caused by equipment failures or human error. The types of
sccidents are: vehicle collisions, forklift tine punctures, and drops
of munitions. The m:nitions effected may be single, in bare pallets, or
in a container. The locations of the agent release may be indoors, or
in the open (outdoors). Externally csused handling accidents were not
considered in this analysis because of the short time spans for actual

outdoor hendling operations.
3.2. MUNITIONS DESCRIPTION

This section describes the munitions that comprise the CONUS muni-
tions stockpile. The munitions stored at each site are summarized in
Fig. 1-1. As indicated the inventory of munitions end bulk sgent in
storage differs greatly from site to sita. Datailed 1n£ormagion on the
precise numbers of chemical agent munitions at esch site ie classified :J!:
except for the information on M55 rockets. All of the chemical muni- o
tions in storage are at least 18 yr old (production of new chemical
munitions was stopped {n 1968), and some are more than 40 yr old.
_ The munitions stockpile consists of 11 different munition types.
A detailed description of esch munition type, including a discussion of
their thresholds, is presented {n Appendix F. A brief description of

the munitions follows.

3.2.1. Rockets

The M55 rockets are filled with either GB or VX. The rockets are
equipped with fuzes and bursters which contain explosives. Propellant
is also built into the motor of the rocket. The rocket casing i» made

of aluminum. Some of the rockets have & leskage problem.
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The rockets are individvally packaged in fiberglass shipping tubes

SN

with metal end caps. Fifteen containers with rockets are packed on a

wooded pallet.
3.2.2. Lsnd Mines Y

Mines contain VX and explosive charges. The mines are packaged
thrce to a steel drum. Mine activators and fuzes are packaged sepa-
rately in the same drum. Twelve drums of mines are contained on &
wooden pallet.

3.2.3. Projectiles and Mortars o3

The munitions stockpile contains 105-mm projectiles with GB or mus-

[

tard, 155-mm projectilas with GB, VX, or mustard, 8-in. projectiles with
GB or VX, and 4.2-in. mortar projectiles with mustard. Some 103-mm pro-
jectiles are stored as complete rounds containing fuze, burster with

explosive, cartridge case end propellant, while others ars stored with-

R TR Fora i

out bursters, fuzea and propellant. Mortars are stored with fuzes, bur-

SN

sters, and propellants. Projectiles (155-mm and 8-i{n.) ere aleso stored
with ané without bursters. For this study, it was assumed that fuzes

and propellants have been removed from the 4.2-in. mortars and 105-mm

AR
.

cartridges.

The 105-mm projectilee sre packed 24-projectilss to a paller, and

the 4.2-1in. mortar projectiles are packed 48-projectiles to a pallet. y

155-mm and 8-in. projectiles are packaged eight and six projectiles

on a wooden pallet, respectively.
3.2.4., Bombs

There are three typss of bombs, all containing GB agent. These
are the MC-i, & 756-1b bomb, the MK-94, a 500-1b bomb, and the MI-116
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("weteye”), a 525-1b bomb. The 525-1b bomb is designed to release an cﬁvf

N,
serocsol spray of agent on detonation. The bombs ere atored without N
explosives. The MC-1 bombs are packaged two to a wwoden pallet and the
others in individual metsl shipping contsiners.
3.2.5. Sprey Tanks
Spray tanks contain VX agent. They are designed for releasing
chemical agent from slow-traveling, low-flying airzcreft. The spray
tanks are stored in a metal overpack container.
3.2.6. Bulk Agent
All three types of agent are stored in bulk as liquid in standard
oue-ton steel containers (called ton containers). 7Ton containers are %ﬂ
not palletized. f:
“
23
Ton containers are the only items stored at the Aberdeen Proving ‘e "
Ground (APG) and Newport Army Ammunition Plant (NAAP). The ton con- T ii

tainers at APG contsin mustard (HD), while NAAP has VX-filled ton con-
tainers. The Anniston Army Depot (ANAD) has filled ton containers.
Pine Bluff Arsensl (PBA) has mustard-filled ton containers. Tooele Army

S %

N L et
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oels

Depot (TEAD) hes all types of bulk agent in storage. Umatilla Depot
Activity (UMDA) has mustard-filled ton containers.
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4. INITIATING EVENTS

This section describes the approaches used to identify snd sele::
iri{tiating events and to assess or present their occurren~e frequencies
As described in Section 2, Initlating evenis are single occurrences or
indiv{dual malfunctions that either directly cause the release of chem’-
csl agents or start & oequence of avents taat could lead to a release.
They are classified as externsl events when caured by natural plienovmens
(e.g., earthquakes) or man-made interferences (e.g., afrcraft crashes)
from outside the demilitarization cycle. They are clacsified es inter-
nal even%s when caused by human error or eqiipment failure within the
demilitarizarion process. Section 4.1 describes the lcgic used for
selection of the initiating events. Section 4.2 discusses the geueric
considerstions {in specifying the initlsating svent frequency units (4.:=.,
per unit time or per operation). The spplication of the generic fre-
quency sstimates to specific accident scenarios and locations is dis-
cussed in the sections dealing with accident logic model development,

Sections 5 through 8.

4.1. INITIATING EVENT IDENTIFICATION AND SELECTION

This study used a multifaceted approach for ldentifying potential
initiating events, screening out those which (based on conservitive
scoping) should not affect the overall zisk and selecting those events

warranting further anelysis. The approach consisted of:

1. Developing a master logic diagram (MLD), a logic tool described
in the PRA Procedures Guide (Ref. 4-1) for systematically
examining potentia) modes of release, pathways for releise.
barriers egainst relesse, and mitigating safety functions

together with roo. cava:- (initiators) of release.
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2. Cross-referencing results from item 1 with a list of accident \i\ )
scenarios from safety-related studiec on the chemical weapons
disposal program, compiled by MITRE Corporation in Refs. 4-2
and 4-3.

3. Applying previous munitions risk study experience in Refs. 4-4
through 4-12 (the results of these atudies are described
in Section 1.1).

4. Peer review by the Army and independent consultants during the

early and draft report phases of this study.

Two criteria were used to screen accident scenarios: (1) accidents '_;
with extremely low frequency (telow 10-10 per year) were eliminated from
further analysis, and (2) those with low consequences (amount of agent
release below 0.3 1b for GB, 14 1b for H or 0.4 1b for VX) were also
screenad. Events with frequencies below the cutoff have little meaning
from & practical standpoint since the expected times détwean events 1s i ' ff“
measured on & cosmic scale :zather than on & scale of human history. The
consequence criteria pertains to the minimum release levels that would
produce acute human fatalities 0.5 km from the incident, based on envi-

ronmental impact calculations performed by MITRE (Refs. 4-2 and 4-3).

For bookkeeping purposes, a coding system is used in this report
to identify, organizc and refer to accident sequences. Not all accident
seqiences were encoded; those that could be screened out early because
of simple conservative scoping analysis bear no coding. Conversely,
many sequences that were screened after detailed snalysis retain their
coding but may not be in the final lists of results. However,

Appendix A contains a record of all encoded sequences.

Table 4-1 shows the coding scheme followed for identification

of accident sequences. The coding system is based on that used ir

4-2 ¢
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TABLE 4-1
ACCIDENT SEQUENCE CODING SCHEME

The Accident Scenario Identification is an 8-Character Code

for the FPorm:

IXYZWnnn as Defined Below.

N, S - P e e g

Activicy (XX) Munition Type (T} Agen: " ~n (2)
SL: Storage, long temm R: Rockets V: WX
SH: Storage, handling D: Mortars
for surveillence C: Cartridges G: GB
and maintenance P: Projectiles H: HD/BT/H
M: Mines A: All to which a
B: Bombs munition cate-
K: Ton containers gory applies
S: Spray tanks
A: All

Release Mode (W)

Sequence No. (nnn)

S: Spill or leak

001, 002, 003, ...... 999

C: Complex (e.g., detonation with fire)

F: Fire only

(28)For air transport, AA is for C-5 and AB is for C-141 aircraft.
For ship transport, BI covers barge events; LI, LC, and LS are for

LASH events in intercoastal, coastal and high-sea waters,

respectively.

4-3
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‘ Preine
Refs. 4-2 and 4-3. The first two letters identify the demilitarization
phase (SL for storage, long term, SH for apogiul h&ndlihu activities).
The first two letters together with the so(uonco number at the end
uniqucly identify an accident sequence of events. The middle letters
identify the munition/agent type combinations and the release mode.
Throughout this report, either the entire coding is used or sequences
are referred to by the first two letters and the sequence number.

The MLD developed for the risk study event identification is
shown in Figs. 4-1 through 4-3. FYollowing the PRA Procedures Guide
(Ref. 4-1), the top level logic (Fig. 4-1, level 1) pertains to the
‘public impact, in this case, fatalities due to exposure to chemical
‘releases throughout the long-term storage.

Figure 4-2 shows MLD level 2 (release mode o} pathway) and subse-
quent levels (barriers to release, safety functions mitijationlfailuga
and, finally, event initiators) for storage. It shows three modes for

release. One is leakage of agent from corroded munitions, such as

leakage of a ton container stored in open areas. Another is inadvertent
rupture of a munition during maintenance. The third is a disruptive

influence due to an external event.

Subsequent levels are developed considering the types of disruptive
events that can occur, taking into account information on the potential
failure modes of the munitions (puncture, detonation, fire, etc.), given
that the avent occurs. For 1llustra;10n, some sequences analyzed in
Section 5 are noted under the initiating event boxes. Table 4-2 summa-~

rizes the initiating event families for storage selected for analysis.

Figure 4-3 shows the MLD levels 2 and lower for handling opera-
tions. There are modes of release: impact rupture due to handling
accidents (drops and forklift collisions), and forklift tine puncture.
Note that external events are not included here; external events for

storage and transport consider the entire munitions inventory available

4-4
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, TABLE 4-2
INITIATING EVENT FAMILIES FOR STORAGE
INTERNAL EVENTS
E 1. Muniticn drop
a. During leaker isclation
I L. Due to pallet degradation
X 2. Forklift tine puncture during leaker {solation
3. Leak bLetwean inspections
EXTERNAL EVENTS(®)
1. Fires due to!
.. Spuntaneous ignition of & rocket
b. Flemnsble materisls in an 1gloo or warehouss a"'
c. L¥G ingrese into sn 1gloo or warehouse g
d. Flammable liquids near a warehouse at NAAP v R
v
2. Meteorite strikes an igloo or warehouse -
3. Tornado collapses a building or gensrates & wissile i
4. Alrcraft crash due to: .
¢
a. Small aircraft (direct) Y
b. Large aircreaft (direct) v
c. Large aitcraft (indirect) g‘
S. Earthquake o
s
6. Lightning etrikes outdoor sto:age ﬁ'
(8)Noter Extarnal ini{tiators, floods, and fi{ras are shuwn in !ﬂ
Section 5 to be low risk contributors. '
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o regardlesy of vhether hancling operations are in progress. The sud-

' sequert level {nf{tiating events consider the location where the event
occure, eince different barvriers for release are involved (eo.g., if the X
avent occurs fndoory or 4n an open ares). Fssentially, there are 18
(3 x 3 n 2 mstrixn) hendling a.cident comhinations. These sre related :
to the number of munir.funs involved (e ningle wunition, pallet, or con-

tairer)j the ralasse machaniss (droy, forklift collision, or forklifc

tine punciutre;| ané whether tha releass occurs inaide or ovutdoors. 3

Tabls 4-) autmusrizes the fawilles ot handling inftieting avants selected

fur anslyatis,




TABLE 4-3
INITIATING EVENT FAMILIES FOR HANDLING

l. Number of munitions involved

a. Bare munition
b. Pallet
¢. Container

2. Agent release mechanism
a. Drop

b. Forklift tine puncture

3. Releane location

a. Inside a storage area or maintenance facility
b. Outdoors
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4.2, INITIATING EVENT FREQUENCIES

4.,2.1. External Events

This section presents the site-specific frequencies of external
initiating events considered in this study. Table 4-4 summarizes the
results for occurrences at each of the eight CONUS gsites. The bases for

these results are discussed in the following subsections.

4.2.1.1. Earthquakes. The frequency at which a msjor earthquake occurs
at a specific site varies significantly throughout the United States.

In an attempt to quantify the seismic risk sssociated with a particular
site, the Seismology Committee of the Structural Engineers Association
of California (SEAOC) has divided the United States into five seismic
zones. Maps of these seismic zones are presented in the Uniform Build-
ing Code (Ref. 4-13) and in Army TM 5-809-10 (Ref. 4-14). Figure 4-4
presents the seismic zone map from TH 5-809-10, and Table 4-5 presents
the seismic zones indicated for esch of the storage sites. The proba-

bilicy of seismic damage in each of the zones is defined in Ref. 4-13 as

follows:
Zone O - None Zone 3 - Major
Zonie 1 - Minor Zone 4 - Great

Zone 2 - Moderate

The determinstion of a seismic zone on a site is based on the his-
tory of past earthquakes and the proximity of known faults. Appendix D
presents listings of the earthquakes that have occurred in the vicinity
cf each of the storage gites. The magnitudes of the earthquakes are
expressed as Modified Mercalli Intensities (MMI). Table 4-5 presents a
summary of the maximum earthquake occurring in the vicinity of each of
the storage sites. The maximum earthquake recorded at any of the eight

storage sites is en MMI VIII.
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